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Abstract. Present day knowledge workers interact with a digital world which is 
full of digital services intended to support these workers in their knowledge in-
tensive tasks. Digital services include the use of applications in general, tools 
that support knowledge generation, or knowledge transfer, but may also support 
the proliferation of knowledge in order to improve organizational decision mak-
ing and value addition. However, it often occurs that contemporary digital ser-
vices are not user-friendly, impersonal, and ambiguous in use. Therefore, the 
notion of Sophia1 is presented: a reference model of and a development frame-
work for a personal digital workspace for knowledge workers, aiming to inte-
grate and personalize all digital services, digital information items, and digital 
knowledge items, so that an individual knowledge worker can carry out his 
work related activities pleasantly, effectively, and efficiently in every context. 
We further argue that digital architecture plays an important role when realising 
a development methodology. 
1   Introduction 
Our society is changing under the influence of advanced information technologies. 
Various authors who try to assess the influence of computer and information technol-
ogy on humans, society, and organizations use metaphors such as: Being Digital [1], 
Digital Economy [2], and Digital Places [3]. It shall need no further arguing that in-
formation technology has an increasing influence on the way we work and live [1, 4]. 
In 2003, the world produced about 800MB of information for each man, woman, and 
child on earth. Well over 90% of information currently produced is created in a digital 
format, and this percentage will increase substantially in the future. At the same time, 
much of the existing content which is currently only available in a physical format will 
be digitized soon as well [5]. Contemporary businesses demonstrate significant con-
cerns on how all this available information can be converted into knowledge. With the 
growth of clerical occupations at the turn of the century, the ascendancy of knowl-
edge-producing occupations has been an uninterrupted process. While an information 
                                                          
1
 Sophia is the Greek word for wisdom. 
worker is busy producing, processing, storing, transferring, and comparing informa-
tion, a knowledge worker crafts and tunes the available information to create, distrib-
ute, and apply knowledge. Information is an enabler of these actions, so the work of 
an information worker is closely related with the work of a knowledge worker. 
Knowledge workers have high degrees of expertise, education, or experience, and the 
primary purpose of their jobs involves the creation, distribution, or application of 
knowledge [6]. 
The contributions we would like to make with this paper to anticipate on the swiftly 
changing work environment of knowledge workers by the influence of advanced in-
formation technologies are as follows: an explanation why a personal digital work-
space for knowledge workers is necessary to support the knowledge worker in his 
work (section 2 and 3), an outline of a reference model of a personal digital work-
space for knowledge workers (section 4), a further elaboration of this reference model 
in terms of a conceptual model (section 5), and a discussion on how actual personal 
digital workspaces for knowledge workers may be developed using the conceptual  
model (section 6). Finally, section 7 concludes this paper. 
2   A Hierarchy of Digital Spaces 
Present day knowledge workers interact with a digital world which is full of digital 
services. Digital services can be defined as any computer based tool which supports 
the performance of applications, activities, or actions such as knowledge generation 
and knowledge transfer, and may also support the proliferation of the knowledge pro-
duced by knowledge workers in order to improve organizational decision making and 
value addition [7]. All these services are intended to support these workers in their 
knowledge intensive tasks. However, it often occurs that these digital services are not 
user-friendly, impersonal, and ambiguous in use. 
In order to anticipate more rapidly and adequately to these concerns in the swiftly 
changing digital environment of a knowledge worker, his workspace should be digi-
tized in a way so that digital services properly assist the knowledge worker in his work 
[8, 9]. Both academia and industry gradually anticipate on these developments. Mal-
hotra and Majchrzak [9] introduced the virtual workspace, Forrester [10] the concept 
of an adaptive workspace, Gartner the e-workplace [11], Bafoutsou and Mentzas [12] 
the electronic workspace, while Rijsenbrij [13] coined the concept of a digital work-
space. Industry figures show that an increasing number of companies have decided 
that digital services required to anticipate on the swiftly changing digital environment 
of a knowledge worker are classified as core investments, and as a result more money 
is spent on data warehousing2 and portals3 [14]. A survey at 83 firms with more than 
                                                          
2
 A data warehouse is a central store of data common to the organization [7]. It is a central 
repository of information drawn from disparate and physically distributed operational source 
systems of an enterprise, as well as external data. 
3
 Portals can be seen from several perspectives. ‘Portal’ means ‘large door’ or ‘gateway’, indi-
cating that the portal itself is not the final destination but a way to reach many other places 
$100 million in revenue shows that the largest segment of companies expects to spend 
between $1 million and $5 million to roll out portals and to employ a staff of three to 
manage a portal during the first three years [15]. Portal enthusiasm continues despite 
tighter budgets and post-dot-com scepticism. The largest number of companies which 
were part of the survey counted between 1,000 and 10,000 portal users today, and 
respondents at $1 billion-plus companies expect to drive this number into the tens of 
thousands one year from now [14]. 
Figure 1 helps to clarify on which type of digital space (in which the aforemen-
tioned digital services like data warehousing and portals play an important role) the 
focus lies in this research and to position the various digital spaces in a hierarchy. 
 
 
Fig. 1. A digital space hierarchy 
 
As a first step, we might say that a digital space integrates all digital services and 
digital information items, so that people can carry out their private and work related 
activities pleasantly, effectively, and efficiently in every context. When considering 
the hierarchy in figure 1, it is clear that a digital space can be personalized (a personal 
digital space) and that a digital space can be work-related (a digital workspace). When 
these two variants of the digital space are combined we will achieve the personal digi-
tal workspace. In this research, we will initially focus on the personal digital work-
space for knowledge workers, which is actually a bottom-up approach in the proposed 
digital space hierarchy. This enables us to define initial groundwork and to scope the 
research. Thus, ‘Sophia’ can be defined as a reference model of and a development 
framework for a personal digital workspace for knowledge workers, aiming to inte-
grate and personalize all digital services, digital information items, and digital knowl-
                                                                                                                                          
[7]. A portal integrates and personalizes digital services, information items, and knowledge 
items in one environment, so that the individual knowledge worker is facilitated in his work. 
edge items, so that an individual knowledge worker can carry out his work related 
activities pleasantly, effectively, and efficiently in every context. 
3   Ensuing Research Questions 
In this section we provide a brief outline of related work. Taking the definition of 
Sophia provided in the previous section as a starting point, we then identify the re-
search questions which we aim to answer in our future research activities. 
Current research [8, 9, 10, 16, 17] is mostly aimed at the supply side of information 
and the technological construction of a digital space, without bringing forward the 
need for a well-organized, structured, and user-centric development process. The latter 
is absent in current research on digital spaces, risking an unstructured and unorganized 
development process without placing the human in the centre of attention. Current 
research on user-centric development methodologies [18, 19] are based solely on 
digital services, and not yet on an entire digital space, or even more specifically a 
personal digital workspace for knowledge workers. 
Given the basic research problem: 
How to support knowledge workers in their work so that digital services enable 
them in their drive to create, distribute and apply knowledge in a  pleasant, effec-
tive and efficient way? 
the goal of our current work: 
How to create a reference model for Sophia? 
the longer term goal and the suggested solution to the problem: 
How to create a development framework for Sophia? 
three basic research questions can be formulated: 
Q1 Which reference model enables us to describe how Sophia integrates and 
personalizes digital services, digital information items, and digital knowledge 
items so that knowledge workers can carry out their work related activities 
pleasantly, effectively, and efficiently in every context? 
Q2 Which development framework enables us to describe and analyze the envi-
ronment and the concepts of Sophia? This includes the selection and / or the 
creation of modeling techniques that clearly take the objectives of knowledge 
workers as a starting point. 
Q3 What is an operational form of this reference model and associated develop-
ment methodologies which we can use as a working-method in order to create 
personal digital workspaces for knowledge workers? 
What is especially important in this research are the concepts necessary to design 
Sophia from a demand side perspective. The knowledge worker is the centre of atten-
tion in this research, not the technology. Thus, the development of Sophia has a close 
relationship with the fields of information science, sociology, psychology, and busi-
ness administration. Actually, we scope this research so that the correlation between 
technology and the interacting knowledge worker is emphasized. This means in fact 
that concrete adjacent fields are (but not limited to): computer-supported cooperative 
work (CSCW), human-computer interaction (HCI), user interface design, knowledge 
management, and cognition. These fields also take the knowledge worker as a starting 
point. 
4   Reference Model of Sophia 
The reference model of Sophia is shown in figure 2 and is divided in three main parts: 
the physical world, the social world, and the digital world [20]. 
 
Fig. 2. Reference model of Sophia 
 
One of the challenges is the alignment of the three worlds. This alignment puts spe-
cific requirements on the modeling techniques to be used when developing a personal 
digital workspace for knowledge workers. The three worlds communicate with each 
other by social and digital interactions, so that information and knowledge can be 
transferred from one world to the other. The knowledge worker accesses the digital 
world by using digital devices (on which the digital services are displayed). The social 
world is accessed from the physical world by social interactions and vice versa. The 
knowledge worker can also transfer value to the social world as part of the social 
interactions. 
4.1   The Physical, Social, and Digital World 
The physical world is the world of cars, computers, houses, office buildings, people, 
and in general anything that can be described using the basic measuring units of phys-
ics, e.g. meters, kilograms, seconds, and amperes. 
The social world consists of roles people play, organizations, departments, respon-
sibilities, rights, delegations, business processes, and in general the processes and 
structures defined by human institutions. The social world in the reference model 
includes the social network. Three social network archetypes can be distinguished 
[21]: customized response, modular response, and routine response. Customized re-
sponse networks exist in settings where both problems and solutions are ambiguous. 
New product-development companies, high-end investment banks, and strategy con-
sulting firms require networks that can rapidly define a problem or an opportunity and 
coordinate relevant expertise in response. Modular response networks thrive in set-
tings where components of a problem and solution are known but the combination or 
sequence of those components is not yet known. Surgical teams, law firms, and busi-
ness-to-business sales require networks to identify problem components and address 
them with modularized expertise. Routine response networks are commonly found in 
environments where work is standardized. Problems and their solutions are well de-
fined and predictable. Call centers and insurance claims-processing departments re-
quire the reliable coordination of relevant expertise to solve common issues. Because 
Sophia is specialized as a workspace, the social world includes the hierarchy, the 
value chain, and the business ecosystem as well. A hierarchy represents the centraliza-
tion of control or decision making in classical management theory [22]. Empowerment 
or delegation of authority from manager to subordinates reflects the amount of decen-
tralization of control. With such empowerment or delegation, however, a manager has 
central control, even if the subordinates can make some decisions. The value chain 
denotes all activities performed by an organization and how they are linked with each 
other [23]. The business ecosystem is in principle an addition to the value chain and 
consists of organizations which produce value so that a value network develops [24]. 
Such a networked industrial environment can be compared to biological ecosystems. 
Like their biological counterparts, these business ecosystems are characterized by a 
large number of loosely interconnected participants who depend on each other for 
their mutual effectiveness and survival. Three other components of the social world 
which have a hierarchical relationship with each other and require clarification are: the 
task, the business process, and the workflow. Workflow is a key area of CSCW re-
search which relates to this research. A workflow reflects the processes that an organi-
zation has created to coordinate the activities of different individuals, to ensure the 
successful completion of work, and to improve the overall efficiency of workers. 
Workflow specifications can be understood, in a broad sense, from a number of dif-
ferent perspectives [25]: 
• the control-flow perspective (or process) perspective describes tasks and their exe-
cution ordering through different constructors, which permit flow of execution con-
trol, e.g. sequence, choice, parallelism, and join synchronization; 
• the data perspective deals with business and processing data. This perspective is 
layered on top of the control perspective. Business documents and other objects 
which flow between activities, and local variables of the workflow, qualify in effect 
pre- and post-conditions of task execution; 
• the resource perspective provides an organizational structure anchor to the work-
flow in the form of human and device roles responsible for executing tasks; 
• the operational perspective describes the elementary actions executed by tasks, 
where the actions map into underlying applications. Typically, (references to) busi-
ness and workflow data are passed into and out of applications through activity-to-
application interfaces, allowing manipulation of the data within applications. 
At one extreme, application developers carefully design the application to fit the spe-
cific work practices of its users [26]. Under this model, users do not change their work 
practices at all, because the technology accommodates their specific needs and work 
styles. The alternative extreme is to reshape the processes of the organization around 
the new application. For this approach to be successful, the users must change their 
work habits to fit the introduced technology. Although both extremes have occurred in 
practice, a personal digital workspace for knowledge workers has to be designed in a 
way so that the technology accommodates the specific needs and work styles of 
knowledge workers as best as possible. Business processes are part of the organiza-
tional workflow. A business process is a set of one or more tasks which collectively 
realize a business objective or policy goal, normally within the context of an organiza-
tional structure defining functional roles and relationships. A business process is de-
composed into tasks, as figure 2 shows. As a commonsense concept, a task is a human 
activity to achieve some purpose. In the context of Sophia, a task is a subpart of a 
business process that: represents a goal-oriented activity adding value to the organiza-
tion, handles inputs and delivers outputs in such a way so that the knowledge worker 
is satisfied, consumes resources, requires (and provides) knowledge and other compe-
tences, is carried out according to given quality and performance criteria, and is per-
formed by responsible knowledge workers [27]. 
The digital world consists of digital services, digital information items, and digital 
knowledge items. Software by nature consists of symbols, and the digital world is part 
of the symbol world, that also includes text on paper, traffic signs, and in general any 
physical entity that has been given a meaning by people. Characteristic of the symbol 
world, and therefore of the digital world, is that there is a meaning convention that is 
not given by the physics of the entity. The symbols appearing on a screen, the signals 
sent by a computer to peripheral devices, are physical phenomena for which people 
defined a meaning by convention [20]. In the reference model, information is differen-
tiated to structured and unstructured information. Information is a flow of messages or 
meanings which might add to, restructure or change knowledge. Information can be 
divided in structured and unstructured information and is part of the digital world as 
structured and unstructured information items [27]. Unstructured information is any 
document, file, image, report, or form that has no defined, standard structure that 
enables convenient storage in unit record or similar automated processing devices 
such as Enterprise Resource Planning (ERP) and Customer Relationship Management 
(CRM). It can also not be defined in terms of rows and columns or records, and the 
data cannot be examined with standard unit record access. E-mail, instant messaging, 
web-logs, and websites are examples which contain unstructured information. Struc-
tured information is any document, file, or form that has a defined standard structure 
that enables convenient storage in unit record or similar automated processing devices. 
Since Sophia is geared towards knowledge workers, knowledge is introduced as a 
component in the reference model. Besides the differentiation in two types of informa-
tion, knowledge is differentiated into tacit knowledge and explicit knowledge. Knowl-
edge is a justified belief that increases an individual’s capacity to take effective action 
in a certain context [28]. Explicit knowledge is knowledge which is transmittable in 
formal, systematic language and is part of the digital world as an explicit knowledge 
item. Tacit knowledge has a personal quality, which makes it hard to formalize and 
communicate instead. Tacit knowledge is deeply rooted in action, commitment, and 
involvement in a specific context. Tacit knowledge remains in the human mind and is 
thus not part of the digital world, but of the physical world. 
4.2   Digital Services 
We have chosen to use a modified version of Nonaka and Takeuchi’s [29] knowledge 
conversion model as a reference model from which to consider the activities of 
knowledge workers, as depicted in figure 3. As stated in the definition of a knowledge 
worker, the primary purpose of their jobs involves the creation, distribution, or appli-
cation of knowledge. Nonaka and Takeuchi’s model describes the typical main proc-
esses which take place during the creation, distribution, and application of knowledge. 
 
 
Fig. 3. Four modes of knowledge conversion added with an organization component 
 
 
As is shown in figure 3, a knowledge worker can convert knowledge. These different 
conversion modes are called socialization, internalization, externalization, and combi-
nation respectively. An additional ‘organization’ component is added to the diagram 
as well. This is not a knowledge conversion mode, but complements the four modes of 
knowledge conversion instead. Organization involves setting an order and time for 
planned events and digital services can handle organization tasks for the knowledge 
worker. Such intelligence may lead to an example scenario in which the knowledge 
worker wants to plan a meeting with another person and that the appropriate digital 
service is selected for the task and finalizes the organization event. Socialization is a 
process of sharing experiences and thereby creating tacit knowledge such as shared 
mental models and technical skills. Internalization is the process of embodying ex-
plicit knowledge into the knowledge worker’s tacit knowledge bases in the form of 
shared mental models or technical know-how. Externalization is a quintessential 
knowledge-creation process in that tacit knowledge becomes explicit, taking the shape 
of metaphors, analogies, concepts, hypotheses, or models. Finally, individuals ex-
change and combine knowledge through such media as documents, meetings, tele-
phone conversations, or computerized communication networks. 
Digital services enable the knowledge worker in such a way that socialization, in-
ternalization, externalization, and combination phenomena occur with additional or-
ganization activities. Figure 4 shows examples (this is definitely no complete list, it 
just gives an idea of which digital services belong to which group) of digital services. 
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Fig. 4. Examples of digital services for Sophia 
 
 
Several digital services mentioned in figure 4 require further clarification [7]: 
• alerting is a technology used to inform the knowledge worker when certain events 
in his personal digital workspace have happened which the knowledge worker 
wishes to be informed about. 
• desktop telephony involves every digital telephony service, like VoIP, IP teleph-
ony, and ‘softphones’; 
• audio, video, and web conferencing comprises the use of audio or video to enhance 
human presence in meetings. Web conferencing utilizes the internet as a conferenc-
ing platform. Video is advantageous when visual information is discussed, and may 
also be used in less direct collaborative situations, such as for providing a view of 
activities at a remote location; 
• a community of practice is a group of people who share a concern or a passion for 
something they do and learn how to do it better as they interact regularly; 
• concept mapping is a visual representation of core concepts showing the relation-
ships between them. A typical concept map comprises a set of nodes or bubbles 
(the concepts) with arrowed links between them (the causal relationships); 
• mind mapping is a specific form of concept mapping, where ideas branch out from 
a central point; 
• decision support applications assist lower- and middle management to analyze large 
amounts of data so that they can make better decisions; 
• storytelling applications facilitate the use of stories in the organizational context, as 
a way of sharing knowledge and helping the process of learning; 
• a learning network is a network of individuals who share knowledge for the primary 
purpose of personal development and learning; 
• data mining techniques are the processes that focus on the automatic exploration 
and analysis of large quantities of raw data in order to discover meaningful patterns 
and rules [30]; 
• blogging is a way to show a string of thoughts in chronological sequence on a web-
page, often with hyperlinks to sources that have stimulated thinking; 
• taxonomies, ontologies, and topic maps relate with each other. A taxonomy is a 
system of classification, where a typical taxonomy is a hierarchy of terms (nodes), 
where lower level terms are more specific instances of higher level ones. Ontolo-
gies are extensions to a taxonomy which add specifications of relationships be-
tween entities plus a set of automatic inference rules and associated actions. A topic 
map describes relationships of nodes in an ontology independent of its underlying 
resources; 
• wikis are used as a collaboration tool to allow multiple authors to create and update 
webpages; 
• modeling tools support the knowledge worker in the process of constructing or 
modifying certain models, e.g. ER, ORM, or UML models [31]. 
• groupware is a technology designed to facilitate the work of groups; 
• document management systems utilize the following activities: storing files in a 
central library, controlling access to files both for security purposes and collabora-
tion needs, keeping an audit of activity and changes in the managed documents, and 
searching documents on either content or index terms. 
5   Initial Conceptual Model of Sophia 
Figures 5, 6, and 7 are initial diagrams defining the core concepts of Sophia, which 
are refined by future research. The notation used is from the Unified Modeling Lan-
guage Specification [31]. In the figures, boxes represent classes of things. Lines con-
necting boxes represent associations between things. An association has two roles 
(one in each direction) and a role can optimally be named with a label. The role from 
A to B is closest to B, and vice versa. For example, the roles between knowledge 
worker and digital device can be read: A knowledge worker interacts with a digital 
device. A role can have a multiplicity, e.g. a role marked with ‘1..*’ is used to denote 
many, as in a one-to-many or many-to-many association. A diamond (at the end of an 
association line) denotes a part-of relationship. For example, tacit knowledge is a 
part of knowledge. The initial conceptual model of Sophia is split in three parts: 
Sophia concepts in the physical world, the social world, and the digital world. 
 
 
Fig. 5. Sophia concepts in the physical world 
 
 
Fig. 6. Sophia concepts in the social world 
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Fig. 7. Sophia concepts in the digital world 
6   Development Methodology 
Sophia comprises a reference model, as well as a development framework (comprising 
the conceptual model and a development methodology) to develop actual personal 
digital workspaces for knowledge workers. This section will discuss the requirements 
for this development methodology. We will particularly argue that a user-centric ar-
chitecture based development methodology is needed. Such an approach enables a 
well-organized, structured, and user-centric development process, placing the knowl-
edge worker in the centre of attention. The unprecedented rates of advance in the 
computer and information sciences have increased complexity in today’s architecting 
and engineering challenges. The precipitous drop in computer hardware costs has 
generated a major design shift, from ‘keep the computer busy’ to ‘keep the user busy’. 
When the cost of software development dominates, development methodologies 
should be organized to simplify software development. This is where architecture in 
the digital world comes into play. 
We denote architecture in the digital world as ‘digital architecture’. Architecting is 
the art and science of designing and building systems. Architecting, the planning and 
building of structures, is as old as human societies and as modern as planning the 
exploration of the solar system. The word ‘architecture’ is now widely used in com-
munications, space systems, computers, software, and networks, which implies that 
architecture is also part of the digital world. Despite 5000 years of history, even the 
notion of architecture in the physical world is not clearly and crisply defined. 
Maier and Rechtin [32] define architecture as: The structure (in terms of compo-
nents, connections, and constraints) of a product, process, or element. This definition 
specifically focuses on structure. Components, connections, and constraints are de-
scriptive terms for architecture and as a consequence this definition focuses on the 
possible solution. A more prescriptive definition is desirable if the knowledge worker 
with his ideas and wishes is to be placed in the centre of attention. IEEE [33] defines 
architecture (of software intensive systems) as: The fundamental organisation of a 
system embodied in its components, their relationships to each other, and to the envi-
ronment, and the principles guiding its design and evolution. This definition tries to 
recognize that, for most systems, most of the time, the architecture is in the arrange-
ment of physical components and their relationships; but, sometimes, the fundamental 
organization is on a more abstract level. 
Our views on digital architecture as a user-centric development methodology are 
mostly indebted to ongoing work by Daan Rijsenbrij [13], and we define digital archi-
tecture as follows: Digital architecture is a coherent, consistent collection of princi-
ples, differentiated to rules, guidelines, and standards which describe how an enter-
prise, the information supply, the applications, and the infrastructure are shaped and 
behave in their usage. In this definition architecture is the tool for the architect to 
guide and bound the engineering processes to develop architecture artefacts. Digital 
architecture can contribute to our research by guiding and bounding engineering proc-
esses so that the development process is of a well-organized, structured, and user-
centric fashion. The principles influence the way the artefact is used. Further specifi-
cation of principles in rules, guidelines, and standards guarantees clarification of these 
principles. Principles indicate what is guided and bounded in the engineering proc-
esses and rules, guidelines and standards indicate how the engineering processes are 
guided and bounded. Rules are mandatory, and standards are required for internal and 
external communication, and for the compatibility of bought components. Guidelines 
have some more interpretation freedom compared to rules, they are in fact ‘best prac-
tices’. We have chosen this so-called prescriptive definition of architecture, because 
this definition approaches architecture from a demand side perspective, which is nec-
essary to place the knowledge worker in the centre of attention instead of the technol-
ogy. The specifics of what architects will produce, that is what an architecture actually 
looks like, will differ from domain to domain. Ideally, the definition should come 
from that knowledge; the knowledge of what is needed to successfully define a system 
concept and take it through development. If that knowledge is present a formal defini-
tion should encapsulate that [32]. 
8   Conclusion 
We have presented the area of tension a knowledge worker has to deal with in his 
daily work: performing knowledge intensive tasks using digital services which are 
often not user-friendly, impersonal, and ambiguous in use. We selected a range of 
current research and compared our research approach with current research ap-
proaches and discussed the fact that our research approach focuses on the knowledge 
worker, instead of the technology. Furthermore, the specific research goals were out-
lined. We have shown and explained the outlines of a reference model of Sophia, 
including the components which are included in the reference model. The reference 
model positions the knowledge worker and Sophia within three worlds: the physical 
world, the social world, and the digital world. An initial conceptual model of Sophia 
has been depicted as well. The initial conceptual model is a more formal description 
of the concepts of Sophia and shows the relations between these concepts. We intro-
duced digital architecture as a development methodology so that personal digital 
workspaces for knowledge workers can be developed in a well-organized and struc-
tured way. 
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